WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 17/00, 17/39, 1/05 



Al 



(11) International Publication Number: 



WO 97/32525 



(43) International Publication Date: 12 September 1997 (12.09.97) 



(21) International Application Number: 



PCT/US96/ 17536 



(22) International Filing Date: 



4 November 1996 (04.1 1.96) 



(30) Priority Data: 

08/611,656 



6 March 1996 (06.03.96) 



US 



(71) Applicant: CARDIAC PATHWAYS CORPORATION 

[US/US]; 995 Benecia Avenue, Sunnyvale, CA 94086 
(US). 

(72) Inventors: POMERANZ, Mark, L.; 1 10 Ann Arbor Court, 

Los Gatos, CA 95032 (US). CHAPMAN, Troy, J,; 10490 
Cypress Drive. Cupertino, CA 94014 (US). SHERMAN, 
Darren, R.; 746 Brentwood Drive. San Jose, CA 95129 
(US). IMRAN, Mir, 26641 Laurel Lane, Los Altos Hills, 
CA 94022 (US). 

(74) Agents: STALLMAN, Michael, A. et al.; Limbach & Umbach 
L.L.P., 2001 Ferry Building, San Francisco, CA 941 1 1 (US). 



(SI) Designated States: JP, European patent (AT, BE, CH, DE, DK. 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT. SE). 



Published 

With international search report. 
With amended claims. 



L 

(54) Title: APPARATUS FOR CREATING LINEAR LESIONS BY ABLATION 




(57) Abstract 

, * n apparatus f0 . r ablating body tissue, and particularly for creating linear lesions within a chamber of a patient's heart, includes an 
elongate member having an ablation section. The ablation section includes an infusion tube and a plurality of spaced electrodes. The 

£veZ n ^^i 00 ^ $ * fl l d F™* foam material, "id f °am material is covered by a fluid impermeable 

covering having a plurality of holes formed in it During use. the ablation section is positioned against tissue to be ablated. Radionxquency 
energy is delivered to the electrodes while saline or other conductive fluid is delivered to the infusion tube. The fluid exits the infusion 
tube at the aManon section, contacts the electrodes, and carries RF energy from the electrodes through the foam through the holes in the 
covering and into contact with the body tissue to form a bum in the body tissue. ^ 
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APPARATUS FOR CREATING LINEAR LESIONS BY ABLATION 



20 



Field of the Invention 

5 

The present invention relates generally to the 
field of apparatuses and methods for ablating living 
tissue. In particular, the present invention relates 
to the field of devices and methods for creating 
10 lesions within the heart. 

Background of the Invention 

Atrial fibrillation is a condition in the heart 
in which abnormal electrical signals are generated in 
15 the endocardial tissue to cause irregular beating of 

the heart. One method used to treat atrial 
fibrillation involves creating several long (i.e. 
approximately 2-10 cm) lesions on the endocardium 
within the atria. These lesions are intended to stop 
the irregular beating of the heart by creating 
barriers between regions of the atria. These 
barriers halt the passage through the heart of the 
abnormal currents generated by the endocardium. This 
procedure is commonly referred to as the "maze 
25 procedure" because it creates a maze of lesions 

design to block the passage of abnormal currents 
through the heart. 

Existing procedures for forming such linear 
lesions include the highly invasive technique of 
opening the patient's chest and heart and forming 
linear incisions inside the atria. Naturally, the 
highly invasive nature of this procedure makes it a 
particularly high risk to the patient and 
necessitates extraordinarily long recovery time. 
35 Other attempts have been made to form the linear 

lesions using ablation catheters fed into the heart 
via the patient's vessels (i.e., the arteries or 
veins) . For example, one such procedure involves 
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inserting into the atria a 7 French catheter having 
an ablation tip. Radio frequency <RF) energy is 
supplied to the tip as the tip is dragged across the 
endocardium, thereby burning linear lesions into the 
endocardium. 

While often successful for forming linear 
lesions, the ablation tip of the catheter can 
sometimes lift off of the surface of the endocardium 
as it is dragged across the endocardium, creating one 
or more breaks in the lesion. Such breaks minimize 
the success of the ablation procedure by leaving a 
path through which current may travel during atrial 
fibrillation episodes. 

Another type of existing RF linear lesion 
catheter has a plurality of spaced ring electrodes 
encircling the distal end of the catheter. Although 
ablation using such catheters has been successful, a 
large spacing (i.e. on the order of greater than 4 
mm) must be provided between the ring electrodes to 
give the catheter adequate flexibility to move 
through the vessels and the heart. Unfortunately, 
however, leaving large spaces between the electrodes 
may prevent RF energy from being focussed at certain 
points along the catheter and may thereby produce 
regions in the linear lesion which are not 
sufficiently necrosed to prevent the passage of 
current during atrial fibrillation episodes. 
Additionally, blood may coagulate on the surface of 
the metal ring electrodes, which can prevent RF 
energy from reaching the endocardial tissue. 
Coagulum on the surface of the electrodes may present 
a safety hazard in that it may eventually fall off 
the electrode and into the patient's bloodstream, 
causing an embolic event. 

Procedures and devices for forming linear 
lesions within the atria are therefore desired which 



WO 97/32525 



PCT/US96/17536 



3 

will block the passage of current through the heart 
during atrial fibrillation episodes, as with the 
surgical incision procedure, but which utilize the 
less -invasive technique of a percutaneous catheter. 
Further desirable is a linear lesion catheter having 
the flexibility and maneuverability of the electrode 
tipped catheter but which generates a continuous 
lesion on the endocardium. 

It is further desirable to improve the 
continuity and thus the effectiveness of linear 
lesions formed using ablation catheters by providing 
means by which a linear lesion catheter may be held 
securely against endocardial tissue during ablation, 
and by which electrical energy may be focussed from 
the ablation electrodes onto the endocardium. 

Summary of the Invention 

The present invention is a catheter device for 
creating linear lesions in endocardial tissue or 
other body tissue. The catheter includes an elongate 
member having an ablation section at which a number 
of spaced apart electrodes are carried. An infusion 
tube is also carried by the elongate member. The 
infusion tube has a plurality of tiny holes 
positioned near the electrodes. 

During use, the ablation section of the 
apparatus is positioned adjacent to the body tissue 
which is to be ablated. RF energy is delivered to the 
electrodes while saline or other conductive fluid is 
simultaneously delivered through the infusion tube. 
The conductive fluid passes out of the openings in 
the infusion tube and contacts the electrodes. The 
fluid also flows into contact with the body tissue, 
thereby improving the coupling of the RF energy from 
the electrodes to the tissue and improving the 
efficiency of the ablation of the tissue. 
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Utilizing a conductive liquid which is dispersed 
over the desired area as a mechanism for coupling RF 
energy to the tissue produces lesions having greater 
continuity (and thus fewer breaks through which 
5 current can pass during atrial fibrillation episodes) 

than lesions formed by prior art apparatus which rely 
solely on direct contact between the electrodes and 
the body tissue. The conductive liquid also cools 
the electrodes, decreasing the likelihood of thrombus 
10 formation on the electrodes and thus decreasing the 

chance of embolism. 

In preferred embodiments, delivery of current to 
the tissue is further improved by surrounding the 
electrodes with foam material and by covering the 
15 foam with a substantially fluid impermeable covering 

having a number of tiny holes formed in it. Saline 
(or another conductive medium) flowing into the foam 
is uniformly dispersed within it, and then is 
focussed onto the body tissue as it passes through 
20 the holes in the covering. 

Because the foam is deformable, it conforms the 
covering to the surface of the body tissue when the 
ablation section is positioned in contact with body 
tissue. Further, as saline infuses into the foam, it 
25 slightly expands the covering against the tissue 

thereby providing positive pressure between the 
covering and the body tissue. Certain of the 
embodiments are further provided with baffle wires 
that mechanically leverage the ablation section 
against the body tissue which is to be ablated by 
pushing against opposing body tissue. In such 
embodiments, the ablation section may be fixed or 
slidable on the baffle wire. 
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Brief Descriptions of the Drawing^ 
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Fig. 1 is a side elevation view of a first 
embodiment of a linear lesion catheter according to 
the present invention. 

Fig. 2 is a cross-section view of the main shaft 
of the linear lesion catheter of Fig. 1, taken along 
the plane designated 2-2 in Fig. 1. 

Fig. 3 is a cross-section view of the baffle 
wire of the linear lesion catheter of Fig. l, taken 
along the plane designated 3-3 in Fig. 1. 

Fig. 4 is a cross-section view of the ablation 
section of the linear lesion catheter of Fig. 1, 
taken along the plane designated 4-4 in Fig. 1. 

Fig. 5 is a cross-section view of the ablation 
section of the linear lesion catheter of Fig. 1, 
taken along the plane designated 5-5 in Fig. 4. 

Figs. 6A through 6D are a series of side 
elevation views of the linear lesion catheter of Fig. 
1 illustrating operation of the device. 

Fig. 7 is a side elevation view of a second 
embodiment of a linear lesion catheter according to 
the present invention. 

Fig. 8A is a cross-section view of a proximal 
portion of the tubing of the catheter of Fig. 7 , 
taken along the plane designated 8A-8A in Fig. 7. 

Fig. 8B is a cross-section view of a proximal 
portion of the tubing of the catheter of Fig. 7, 
taken along the plane designated 8B-8B in Fig. 7. 

Fig. 8C is a cross-section view of the baffle 
wire of the catheter of Fig. 7, taken along the plane 
designated 8C-8C in Fig. 7. 

Fig. 9 is a cross -section view of the ablation 
section of the catheter of Fig. 7 , taken along the 
plane designated 9-9 in Fig. 7. 

Fig. 10 is a cross-section view of the ablation 
section of the catheter of Fig. 7, taken along the 
plane designated 10-10 in Fig. 9. 
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Figs. 11A through 11D are a series of side 
elevation views of the linear lesion catheter of Fig. 
7 illustrating operation of the device. 

Figs. 12A through 12C show a catheter which is 
similar to the cathether of Fig. 7 but which utilizes 
and an alternative tubing configuration. Fig. 12A is 
a side view of the alternative catheter. 

Fig. 12B is a cross-section view of a distal 
portion of the alternative catheter taken along the 
plane designed 12B-12B in Fig. 12A. 

Fig. 12C is a cross-section view of a proximal 
portion of the alternative catheter taken along the 
plane designed 12C-12C in Fig. 12A. 

Fig. 12D is a cross-section view of the ablation 
section of the alternative catheter taken along the 
plane designed 12D-12D in Fig. 12A. 

Fig. 12E is a cross-section view of the ablation 
of Fig. 12D, taken along the plane designated 12E-12E 
in Fig. 12D. 

Fig. 13A is a side elevation view of a third 
embodiment of a linear lesion catheter according to 
the present invention. 

Fig. 13B is a cross-sectional side view of a 
distal section of the catheter of Fig. 13A. 

Fig. 13C is a side elevation view of a portion 
of the catheter of Fig. 13A illustrating the manner 
in which the catheter secures the ablation section 
against endocardial tissue. 

Fig. 14A is a side elevation view of a fourth 
embodiment of a linear lesion catheter according to 
the present invention. 

Fig. 14B is a cross-sectional side view of a 
distal section of the catheter of Fig. 14A. 

Fig. 14C is a side elevation view of a portion 
of the catheter of Fig. 14A illustrating the manner 
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in which the catheter secures the ablation section 
against endocardial tissue. 

Fig. 15A is a cross-sectional side view of a 
fifth embodiment of a linear lesion catheter 
5 according to the present invention. 

Fig. 15B is a side plan view of an embodiment 
similar to the embodiment of Fig. 15A, in which each 
of the foam segments is provided with a separate 
covering . 

10 Fig. 16 is a cross -sectional side view of a 

sixth embodiment of a linear lesion catheter 
according to the present invention which is similar 
to the fifth embodiment but in which the foam support 
structure of the fifth embodiment has been replaced 

15 by inflatable support structures. 

Fig. 17 is a cross-sectional side view of a 
seventh embodiment of a linear lesion catheter 
according to the present invention which is similar 
to the fifth embodiment but in which the foam support 

20 structure and covering have been removed. 



Detailed Description of Exemplary Embodiments 
25 A first embodiment of a linear lesion catheter 

10 according to the present invention is shown in 
Fig. 1. The catheter 10 is comprised generally of a 
main shaft 12, a looped baffle wire 14 which extends 
through the main shaft 12 and which is extendable out 
30 of the distal end of the main shaft 12, and an 

ablation section 16 formed on the baffle wire 14. 
During use, the ablation section 16 is positioned 
against the target tissue to be ablated and which 
delivers RF energy to the tissue to cause ablation. 
35 It should be appreciated that other types of ablation 

elements may be substituted for the RF ablation 
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elements described in this and the following 
embodiments. For example, ultrasound ablation 
elements or other conventional ablation tips may be 
used in combination with some or all of the other 
features of the invention described herein without 
departing from the scope of the present invention. 

Referring to Fig. 2, main shaft 12 is an 
elongate shaft having a pair of lumens 18a, 18b 
extending from its proximal to its distal end. 
Although the main shaft 12 is subsantially straight 
in this and the other embodiments described herein, 
it may alternatively have a curved profile at its 
distal end to facilitate contact between it and the 
target tissue to be ablated. Main shaft is 
preferably constructed of a thermoplastic polymer, 
polyamid ether, polyurethane or other material having 
similar properties. A stainless steel braid (not 
shown) is preferably embedded in the wall of the main 
shaft by means conventionally known in the art. The 
inclusion of the braid improves the torque 
characteristics of the main shaft 12 and thus makes 
the main shaft easier to maneuver through patient's 
vessels and heart. A connector 13 is attached to the 
proximal end of main shaft 12. 

Referring to Fig. 3, baffle wire 14 is an 
elongate length a metallic core wire 20 encased in 
thin shrink tubing 21 or other flexible tubing such 
as polyolefin, thermoplastic polymer, polyamid ether 
(nylon), silicone, or polyurethane. Metallic core 
wire 20 extends the length of the shaft and may be 
formed of, for example, stainless steel or shape 
memory metal such as Nitinol. The baffle wire 14 may 
alternatively be formed of a more rigid material such 
as conventional braid tubing, in which case the core 
wire 20 may be eliminated. 
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Baffle wire 14 extends through each of the lumen 
18a , 18b in the main shaft 12 and forms a loop 22 
(Fig. 1) adjacent to distal end 24 of the main shaft 
12. Baffle wire 14 includes a first end 26 which 
5 extends from a port 28 in connector 13. A second end 

32 of baffle wire 14 lies within tubing 34 which 
extends from proximal end 3 0 of the main shaft and 
which will be described in detail below. 

Ablation section 16 of the catheter 10 is shown 
10 in cross-section view in Figs. 4 and 5. Referring to 

Fig. 5, ablation section 16 includes a small diameter 
(i.e., approximately 0.5 mm dia.) fluid infusion tube 
36 which extends adjacently to a portion of baffle 
wire 14 . Infusion tube 36 includes a sealed distal 
15 end 3 7 and it extends proximally through the main 

shaft 12 and the tubing 34. A plurality of spaced 
holes 38 extend along the portion of the infusion 
tube 36 which lies at the ablation section 16. 

A plurality of lead wires 39 (Fig. 5), which are 
20 preferably formed of copper, extend adjacently to the 

infusion tube 36 and the baffle wire 14. Referring 
to Fig. 4, each lead wire 39 has a distal end coiled 
around the infusion tube 36, baffle wire 14, and 
other lead wires 39 to form a coil electrode 40. The 
25 proximal portions of the lead wires 39 extend through 

the main shaft 12 and tubing 34 and are coupled to an 
electrical adapter as will be described below. The 
portions of the lead wires 39 which are disposed 
within the ablation section 16 are not insulated from 
30 one another, while the portions of the lead wires 39 

which lie within the main shaft 12 and tubing 34 are 
preferably insulated from one another by shrink 
tubing or other means. 

Other types of electrodes may alternatively be 
35 used in this and the other embodiments described 

herein. For example, ring electrodes may be 



WO 97/32525 



PCT/US96/17536 



10 

utilized, or spaced conductive strips or bands may be 
formed on the surface of the baffle wire, or wire 
braids or other conductive material may be helically 
wound around the baffle shaft. The electrodes may 
also be formed from conductive wires or ribbons, each 
of which is covered by an insulated coating. An 
example of such wires (in an uncoiled form) is 
designated 94a in Fig. 12D and is described in the 
description accompanying Fig. 12D. The wire 94a is 
an 0.005 " diameter wire which is provided with 
exposed electrode regions 96a that are stripped of 
insulative material. Such flattened wires or ribbons 
may be advantageous in that they produce RF energy 
electric field lines which are not concentrated at 
the edges of the ribbons, but are instead dispersed 
along the entire length of the ribbon. 

Deformable members, or foam support segments 42 
surround the electrodes 40. These segments 42 are 
formed of open cell polyurethane, cotton-like 
material, open-cell sponge, hydrogels, or other foam- 
like materials or materials which are permeable by 
conductive fluids and which exhibit some 
compressibility. The deformable member need not be 
segmented but it has been found that RF energy is 
more effectively channeled to the cardiac tissue by 
providing the foam in segments rather than in a 
continuous piece. 

The support segments 42 are preferably foam 
tubes which during manufacture are slipped over the 
baffle wire 14 into position over the electrodes. 
Alternatively, foam sheets may be wrapped around the 
electrodes to form tubes around the electrodes, and 
the overlapping sides of each sheet glued together to 
maintain each sheet in a tubular configuration. 

The support segments 42 are enclosed within a 
covering 44 formed of heat shrink polyethylene, 
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silicone, or other polymeric materials having a 
plurality of small holes 46 or perforations formed in 
it. The covering 44 is preferably held in place by 
heating ends 48 (Fig. 1) of the covering to cause the 
heat shrink material to melt onto the baffle wire 14. 
Covering 44 may also be a dip coating formed on the 
foam surface. 

A number of functions are performed by the foam 
42 and covering 44 during use of the device. During 
use, the ablation section 16 of the device is 
positioned in contact with the region of the 
endocardium which is to be ablated. The foam 
provides structural support for the covering and 
facilitates contact between the covering and 
endocardial surface by compensating for features on 
the endocardial surface which are not smooth. It 
should therefore be appreciated that in this and the 
below described embodiments, the foam support 
segments may be replaced by other mechanical means 
which give structure integrity to the covering 44 . 
For example, inflatable balloons may be positioned 
within the covering and inflated to push the covering 
outwardly against the endocardial surface. 
Alternatively, the covering may be positioned over 
plastic or metallic spring structures. 

Further, as described in detail below, RF energy 
is delivered to the endocardium by a conductive path 
through the saline which flows through the foam and 
out of the covering onto the endocardium. The foam 
42 helps the saline to flow evenly through and out of 
the covering and therefore facilitates transmission 
of RF energy to the endocardium. 

The plurality of tiny holes 46 formed in the 
covering 44 serve as the conduit through which saline 
passes from the foam to the endocardium. The fluid 
flow through the holes focuses the RF energy onto the 
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tissue. The pattern in which the holes are arranged 
is selected to insure infusion of saline and delivery 
of RF energy to the underlying tissue even if the 
ablation section 16 should rotate during use. The 
distribution of holes formed in the covering should 
be limited to that which will create a continuous 
transmural linear lesion over the desired ablation 
surface. It has been found desirable to use four 
rows of 0.007" diameter holes spaced 1.0 mm apart 
over the length of the active region of the ablation 
section, to give approximately 4 0 such holes per 
centimeter over the active region. Six rows of holes 
(or 60 holes per centimeter) is also believed to give 
good results. 

It may also be desirable to arrange the holes so 
that they extend only along one side of the covering 
(i.e., the side which, during use, will be positioned 
against the target ablation site) in order to prevent 
RF energy from being lost into the blood pool. See, 
for example, holes 110a in Fig. 12D. It should be 
appreciated, however, that many hole sizes and 
patterns may be utilized without departing from the 
scope of the present invention. 

The covering 44 helps to prevent blood from 
entering the ablation section, and the positive 
outward flow of saline from the covering reduces the 
likelihood of thrombus buildup at the ablation site. 

Referring to Fig. 1, tubing 34 (which, as shown 
in Fig. 2, contains baffle wire 14, leads 39, and 
infusion tube 36 within it) extends through the main 
shaft 12 from the proximal end 24 of the main shaft, 
and it exits distal end 30 of main shaft via a port 
50 in connector 13. Tubing 34 is slidably disposed 
within main shaft 12 and connector 13. 

Tubing 34 is joined at its proximal end to a 
second connector 52. Tubing 34 terminates at 
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connector 52, and the infusion tube 36 and lead wires 
39 which are within it (see Fig. 2) diverge from one 
another such that infusion tube 36 is fluidly coupled 
with a fluid port 54 in connector 52 and such that 
lead wires 3 9 are electrically coupled to a female 
adapter 56. The portion of baffle wire 14 located at 
connector 52 does not extend into the fluid port 54 
or the female adapter 56 but instead terminates at, 
and is fixed within, connector 52. 

Female adapter 56 is preferably configured to be 
coupled to a multi prong male adapter 58 (Fig. 6A) 
which is electrically coupled to a conventional RF 
generator (designated 60 in Fig. 6A) such as Model 
8002 RF Generator which is available from 
Cardiac Pathways Corporation, Sunnyvale, California. 
Each lead wire 3 9 coupled to the female adapter 
preferably terminates in a socket which is separate 
from the other sockets in the female adapter and 
which is configured to mate with a corresponding 
prong of the male adapter. Thus, for example, if the 
linear lesion catheter is provided with six 
electrodes 40 (Fig. 2), there will be six leads 39, 
each extending from one of the electrodes 40, and 
there will be at least six sockets in the female 
adapter which correspond to six prongs in the male 
adapter. 

Operation of the first embodiment 10 of a linear 
lesion ablation catheter 10 according to the present 
invention will next be described. Prior to beginning 
the procedure, tubing 34 and end 26 of baffle wire 14 
are pulled in a proximal direction, as indicated by 
arrows in Fig. 6A, to withdraw the loop 22 inside 
distal end 24 of main shaft 12. Female adapter 56 is 
connected to a male adapter 58 which is coupled to a 
source 60 of RF energy. A conventional grounding 
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patch or other grounding device is attached to the 
patient's body. 

With the loop 22 inside main shaft 12, main 
shaft 12 is threaded through a patient's vessels and 
5 into the heart using conventional techniques. Once 

distal end 24 of main shaft 12 is positioned within 
the appropriate chamber of the heart, end 26 of 
baffle wire 14 and/or the tubing 34 is advanced 
distally to push the loop 22 out of distal end 24 of 

10 main shaft 12 (Pig. 6B) . The height, location and 

size of the loop 22 may be adjusted to position the 
ablation section 16 of the apparatus against the 
desired surface within the heart chamber and to 
maintain contact between the ablation surface of the 

15 catheter and the target surface within the heart 

chamber . These adjustments can be made by moving end 
26 and/or tubing 34 distally or proximally as needed, 
and also by rotating the main shaft 12. 

For example, tubing 34 may be moved distally to 

2 0 advance ablation section 16 and to thereby increase 

its curvature as shown in Fig. 6C, if such curvature 
will conform the ablation section 16 to the cardiac 
tissue T. 

Moreover, loop 22 is preferably positioned 
25 within the heart such that ablation section 16 is 

leveraged against a chamber wall Wl by the action of 
the opposite side of the loop 22 against an opposing 
chamber wall W2 as in Fig. 6D. Pressing the ablation 
section 16 against the endocardium in this manner 
30 helps the ablation section to conform to the surface 

of the endocardium and thus helps ensure that 
sufficient contact is made between the ablation 
section and the endocardium. Good contact between 
the ablation section and the underlying tissue is 
35 essential to the creation of a continuous transmural 

lesion. 
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Delivery of RP energy to the endocardial tissue 
is commenced once ablation section 16 is in contact 
with the desired region of the endocardial surface. 
RF energy from RF generator 60 is delivered to 
electrodes 40 via leads 39. At the same time, 
conductive fluid, such as saline S (Fig. 6A) , is 
directed into port 54 and through infusion tube 36. 
It may also be desirable to begin to begin to apply 
positive fluid pressure even before RF ablation is 
commenced, in order to prevent blood accumulation in 
or on the covering. 

The saline passes through holes 38 in the 
infusion tube 36, then through the foam 42, and out 
of the covering 44 via holes 46. As the saline moves 
from the holes 38 to the exterior of the covering, it 
creates a conductive path (for passage of the RF 
energy) between the electrodes and the endocardium 
(see arrows in Fig. 6D) . The RF energy travels along 
this conductive path from the electrodes, through the 
foam and the holes in the covering, and then into the 
tissue. Once a lesion has been formed at the target 
spot, the catheter 62 may be repositioned within the 
selected chamber of the heart and additional lesions 
formed. 

Although it is preferred to utilize the 
conductive fluid or saline in a manner in which the 
conductive fluid creates a conductive path between 
the electrodes and the target tissue, saline may 
alternatively or additionally be utilized in the 
present invention to cool the ablation electrodes. 

A second embodiment of a linear lesion catheter 
62 is shown in Figs. 7 - hb. Like the first 
embodiment, in the second embodiment the ablation 
section is positioned on a baffle loop at the distal 
end of the apparatus. The second embodiment differs 
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from the first, however, in that in the second 
embodiment the ablation section is slidable over the 
baffle wire. Thus, once the catheter has been 
inserted into a heart chamber and the loop has been 
formed to a desired size, the position of the 
ablation section on the loop may be adjusted to 
position the ablation section at the target ablation 
location. 

Catheter 62 generally includes a main shaft 64, 
a baffle ribbon 66 which has one end fixed to the 
distal end of the main shaft 64 and another end 
extending through main shaft 64, and an ablation 
section 68 slidably received on the baffle ribbon 66. 
The ablation section 68 preferably has a length of 
approximately 2 - 10 cm and an outer diameter of 
approximately 3 - 5 mm. 

Referring to Pig. 7, main shaft 64 includes a 
distal end 70 and a proximal end 72. The main shaft 
64 is preferably a single lumen length of tubing 
constructed of a thermoplastic polymer, polyamid 
ether, polyurethane or other material having similar 
properties. The diameter of main shaft 64 is 
preferably approximately 9-11 French (approximately 
3-4 mm) . A stainless steel braid (not shown) is 
preferably embedded in the wall of the main shaft by 
means conventionally known in the art. The inclusion 
of the braid improves the torque characteristics of 
the main shaft 64 and thus makes the main shaft 
easier to maneuver through a patient's vessels and 
heart. A Teflon® lining (not shown), also 
conventional in the art, preferably lines the 
interior wall of the main shaft 64 to cover the wire 
braid. To minimize tissue trauma as the main shaft 
64 is fed through a patient's vessels and heart 
during use, the braid is preferably absent from the 
first several centimeters at the distal tip 71 of the 
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main shaft. This leaves the tip 71 sufficiently 
flexible to yield when advanced against obstacles 
within the vessels and heart. 

Referring to Figs. 7, 8 A and 8B, tubing 74, 
5 which is preferably made of a thick walled heat 

shrink tubing or thermoplastic polymer, is slidably 
received within main shaft 64 and is extendable from 
the distal end and proximal ends 70, 72 of the main 
shaft 64. A connector 76 is attached to the proximal 
10 end of tubing 74. 

Baffle ribbon 66 extends through a lumen 78 in 
the tubing 74 and is preferably covered with a 
Teflon® coating. As shown, baffle ribbon 66 
preferably has a substantially flat cross -sect ion 
15 (i.e., rectangular or oblong). This prevents the 

baffle ribbon 66 from rotating about its longitudinal 
axis during use. 

Baffle ribbon 66 has a distal end 80 which is 
secured to the distal end 70 of main shaft 64 as 

20 shown in Fig. 7. Baffle ribbon 66 extends through 

the ablation section 68 of the device as will be 
described below, enters the distal most portion of 
tubing 74 (see Fig. 8A) , and extends through the 
entire length of the tubing 74 (see Fig. 8B) . It 

25 further extends through connector 76 attached to the 

proximal most end of the tubing 74 and extends freely 
out of an opening in the proximal most end 80 of the 
connector (see Fig. 7) . 

Referring to Fig. 9, an infusion tube 82 extends 
3 0 through the ablation section 68 and through the 

tubing 74. Infusion tube 82 includes a sealed distal 
end 84 and a proximal end 88 fluidly coupled with a 
fluid port 90 formed in connector 76. A plurality of 
spaced holes 92 extend through the portion of the 
35 infusion tube 82 positioned at the ablation section 

68 of the device. 
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A plurality of lead wires 94 (Figs. 8A, 8B and 
10) , which are preferably formed of copper, extend 
through ablation section 68 and further extend 
through tubing 74, adjacent to the infusion tube 82. 
As can be seen in Fig. 10, at the ablation section 68 
of the apparatus the lead wires 94, infusion tube 82, 
and the lumen that baffle ribbon 66 rides in are 
encased in thin walled polyethylene heat shrink 
tubing 98 (not visible in Fig. 9) . Each lead wire 94 
has a distal end which pokes through the shrink 
tubing 98 and is coiled to form a coil electrode 96 
around the shrink tubing 98 and thus the infusion 
tube 82, the baffle ribbon 66, and the lead wires 
which are within it (see Fig. 10) . Each of the wires 
94 passes through the shrink tubing 98 at a different 
point along the length of the ablation section 68 
such that the electrode coils 96 are spaced from one 
another. The proximal portions of the lead wires 94 
pass through the tubing 74 and are electrically 
coupled to a female adapter 100 as described with 
respect to the first embodiment. The portions of the 
lead wires 94 which are disposed within the ablation 
section 68 are not insulated from one another, while 
the portions of the lead wires 94 which lie within 
the tubing 74 are preferably insulated from one 
another by shrink tubing or other means. 

As can be seen in Figs. 8A and 8B, the portions 
of the infusion tube 82 and lead wires 94 which are 
disposed within the tubing 74 are bundled together 
using thin walled polyethylene heat shrink tubing 
102, whereas the portion of the baffle ribbon 66 
lying within the tubing 74 is preferably not bundled 
within the tubing 102. A stiffening wire 104 extends 
through a proximal portion of the tubing 74 to 
facilitate manipulation of the catheter 62 within a 
patient's vessels and heart. Stiffening tube 104 has 
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a proximal end (not shown) which is secured to 
connector 76, and an unsecured distal end (not shown) 
located proximally of distal tip 71 of main shaft 64 
(compare Figs. 8A and 8B) . 

Referring again to Figs. 8A, 8B and 10, it can 
be seen that the same shrink tubing 98 which, at the 
ablation portion 68 (Fig. 10) of the device, encloses 
the leads 94, the lumen 78 within which the baffle 
ribbon 66 rides, and fluid lumen 82 also encloses 
tubing 102 (including infusion tube 82 and lead wires 
94 which are within it) , the lumen 78 within which 
the baffle ribbon 66 rides, and the stiffening wire 
104 which are enclosed within the tubing 74. 
Moreover, it should be understood that during 
manufacture the thick walled tubing 74 becomes melted 
onto the underlying tubing 98 and thus prevents 
sliding of the shrink tubing 98 within the tubing 74. 

Referring to Figs. 9 and 10, support segments 
106 formed of open cell polyurethane or other foam 
material are positioned to surround the electrode 
coils 96. The foam need not be segmented but as 
described below it has been found that RF energy is 
more effectively channeled to the cardiac tissue by 
providing the foam in segments. As described with 
respect to the first embodiment, the support segments 
106 are preferably foam tubes which during 
manufacture are slipped over the baffle ribbon 66 and 
into position over the electrodes. 

The support segments 106 are enclosed within a 
covering 108 formed of heat shrink polyethylene or 
other polymeric material and preferably held in place 
by melting the distal and proximal ends of the 
covering onto the underlying structures. 

A plurality of tiny holes 110 are formed in the 
covering 108 and serve as the conduit through which 
saline passes from the foam to the endocardium. The 
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pattern in which the holes are arranged is thus 
selected to insure infusion of saline and deliverance 
of RF energy to the underlying tissue even if the 
ablation section 68 should rotate during use. 
Because the holes focus the RF energy onto the 
tissue, it is preferable to limit the number of holes 
formed in the covering to that which will create a 
continuous transmural linear lesion. 

Operation of the preferred catheter 62 according 
to the present invention will next be described. 
Prior to beginning the procedure, baffle ribbon 66 is 
pulled in a proximal direction to withdraw its distal 
portion as well as the ablation section 68 inside 
distal end 70 of main shaft 64. See Fig. 6A. 
Female adapter 100 is connected to a male adapter 
which is coupled to a source of RF energy as 
described above with respect to the first embodiment. 

Once the ablation section 68 and the distal 
portion of the baffle ribbon 66 are inside main shaft 
64 , the main shaft 64 is threaded via a patient's 
vessels (one of which is designated A in Fig. 11A) 
into the heart using conventional techniques. Once 
distal end 70 of main shaft 64 is positioned within 
the appropriate chamber of the heart, the proximal 
end of baffle ribbon 66 is advanced distally as shown 
in Fig. llB. Because distal end 80 of baffle ribbon 
66 is fixed to the main shaft 64, distal movement of 
the baffle ribbon causes it to form a loop 112 with 
itself . Additional distal movement of the baffle 
ribbon 66 increases the size of the loop 112 as shown 
in Fig. lie. Deployment of the baffle ribbon 66 
continues until the loop 112 is of sufficient size 
that it fills the heart chamber (i.e., such that both 
ablation section 68 and the side of the loop 112 
opposing the ablation section are in contact with 
opposition regions Tl and &2 of endocardial tissue) . 
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Next, the position of the ablation section 68 along 
the baffle wire 66 may be adjusted by sliding tubing 
74 in a proximal or distal direction {distal sliding 
is indicated in Fig. 11D) , to cause tubing 74 and 
thus inner shrink tube 98, to slide. Because the 
baffle ribbon 66 is not secured within the tubing 74 
and 98, the tubing 74, 98 and the elements encased 
within it (i.e. the infusion tube 82 and the lead 
wires 94) slide over the baffle ribbon 66 while the 
baffle ribbon remains in place. 

As described with respect to the first 
embodiment, delivery of RF energy to the endocardial 
tissue is commenced once ablation section 68 has been 
positioned in contact with the desired region of the 
endocardial surface. RF energy from an RF generator 
is delivered to the coil electrodes 96 via leads 94 
and is carried from the electrodes 96 to the 
endocardium by a conductive fluid, such as saline S 
(Fig. iid) . As with the previous embodiment, the 
saline is directed into infusion tube 82 (Fig. 10) by 
fluid port 90. The saline passes through the holes 92 
in the lumen 36, and then through the support 
segments 106, and it subsequently travels out of the 
covering 108 via holes 110. As the saline moves from 
the holes 110 to the exterior of the covering, it 
carries the RF energy passed from the electrodes 
through the foam out of the covering and onto the 
endocardium. Once a lesion has been formed at the 
desired spot, the user may reposition the ablation 
section 68 by sliding it proximally or distally over 
the baffle wire 66 (with or without first 
repositioning the baffle wire 600 within the chamber 
of the heart) in order to position the ablation 
section for formation of additional lesions. Once 
the ablation section is repositioned, RF energy is 
delivered to the electrodes to form additional 
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lesions or to increase the length of the previously 
formed lesion. 

Figs. 12A - 12C show an alternative catheter 
according to the present invention. This is 
embodiment is like the embodiment of Fig. 7 in that 
the ablation section 68a is slidable over a baffle 
wire, but it differs primarily with respect to the 
configuration of the tubing 74a which extends through 
the shaft 64. 

Figs. 12D and 12E are cross-section views of the 
ablation section 68a and illustrate the differences 
between the tubing 74a and the tubing 74 of the 
embodiment of Fig. 7. 

Fig. 12B shows the distal portion of the 
alternative tubing 74a. Tubing 74a is a five lumen 
tubing which obviates the need for the various other 
tubing (e.g., such as tubing 102 and 98) utilized in 
the embodiment shown in Figs. 8A and 8B. Elimination 
of tubing makes it easier to construct the catheter 
to have a small diameter. Thus, it may be desirable 
to utilize multi-lumen of this type in the first and 
second embodiments or in any embodiments of the 
device according to the present invention. 

Tubing 74a includes preferably four fluid lumen 
82a and a baffle lumen 67 which extend throughout its 
proximal (Fig. 21C) and distal (Fig. 12B) sections. 
Lead wires 94a extend through the fluid lumen 82a. 
Each of four fluid ports 88a - 88d (Fig. 12A) is 
fluidly coupled to one of the fluid lumen 82a at the 
proximal end of the tubing 74a. 

Baffle ribbon 66a extends through a baffle 
ribbon lumen 67 in the tubing 74a. Baffle ribbon 
lumen 67 is preferably oblong shaped to prevent 
rotation of the baffle ribbon 66a within it. 

Referring to the proximal portion of tubing 74a 
shown in Fig. 12C, the proximal section tubing 74a 
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includes the fluid lumen 82a and the baffle ribbon 
lumen 67 described above, and it also includes 
preferably two stiffening wire lumen 105. Thus, 
there are five lumen extending through the distal 
portion (Fig. 12B) of the tubing 74a and there are 
seven lumen extending through the proximal portion 
(Fig. 12C) . The seven lumen proximal portion of the 
tubing 74a and the five lumen distal portion are 
fused together by conventional means. 

Referring again to Fig. 12C, stiffening wires 
104a extend through stiffening wire lumen 105 and 
thereby enhance the stiffness of the proximal portion 
of the catheter. 

Figs. 12D and 12E show the alternative ablation 
section 68a which utilizes the tubing 74a. Ablation 
section 68a is provided with foam segments or a foam 
layer, designated 106a, which is formed in an 
eccentric configuration such that it is thicker on 
one side of the ablation section 68a than it is on 
the other side. During use, the side of the ablation 
section having the thick region of foam is positioned 
against the target tissue which is to be ablated. 

Foam 106a is enclosed within a fluid impermeable 
covering 108a which, as described with respect to 
previous embodiments, includes a plurality of tiny 
holes 110a. Holes 110a in the covering 108a may be 
formed only in the side of the covering at which the 
foam 106a is thickest. This helps to focus the RF 
energy onto the target tissue within the heart. 

At the ablation section, holes 92a extend from 
the fluid lumen 82a through the tubing 74a to the 
foam layer 106a. The holes 92a are located at the 
side of the ablation section 68a at which the 
thickened foam region is located to permit the flow 
of conductive fluid from the fluid lumen 82a to the 
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foam 106a and then through the holes 110a in the 
covering . 

Rather than utilizing coil electrodes of the 
type described above, the alternative ablation 
section 68a utilizes conductive wires 94a or flat 
conductive ribbons, each of which is covered by an 
insulated coating. The wires 94a, which extend 
through the fluid lumen 82a, are preferably 0.005 " 
in diameter. Exposed electrode regions 96a (Fig. 
12D) that are stripped of insulative material are 
spaced along the portion of the wires 94a that is 
located within the ablation section 68a. 

Operation of the embodiment of Figs. 12A - 12E 
is similar to the operation of the embodiment of Fig. 
7 and need not be repeated here. 

A third embodiment of a linear lesion catheter 
114 according to the present invention is shown in 
Figs. 13A and 13B. Catheter 114 differs primarily 
from those of the first and second embodiments in 
that a baffle wire loop protrudes laterally, rather 
than longitudinally, from the main shaft. 

This embodiment is generally comprised of a 
single lumen main shaft 116, an ablation section 118 
positioned on the main shaft, and a baffle wire 120 
which is slidably disposed within the main shaft 116. 

Main shaft 116 is preferably constructed of a 
thermoplastic polymer, polyamid ether, polyurethane 
or other material having similar properties. A 
stainless steel braid (not shown) is preferably 
embedded in the wall of the main shaft by means 
conventionally known in the art to improve the torque 
characteristics of the main shaft. A pair of 
openings 117a, 117b (Fig. 13B) are formed in the side 
of the main shaft . Each of the openings extends from 
the exterior of the main shaft to the interior. 
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A platinum tip 122 is attached to the distal end 
of the main shaft 116 by an adhesive. A safety wire 
124 may be soldered to the platinum tip 122 and fixed 
to an interior wall of the main shaft 116 to further 
insure that the tip 122 does not become detached from 
the main shaft during use. During use the tip 122 
serves as a radiopaque marker which f luoroscopically 
indicates the position of the distal end of the 
catheter. 

As with the previous embodiments, ablation 
section 118 includes a plurality of spaced coil 
electrodes 124 , foam support segments 126, lead wires 
(not shown) and an infusion tube 128. 

Infusion tube 128 extends from an infusion port 
130 (Fig. 13A) through the main shaft 116 and then 
passes through an opening 129 in the main shaft 116. 
Along the ablation section 118, infusion tube 128 
extends along the exterior surface of the main shaft 
116. As with the infusion tubes 36, 82 (see Figs. 4 
and 10) of the first and second embodiments, a 
plurality of spaced holes (not shown) are preferably 
formed in the infusion tube to permit infusion of 
saline into and through the support segments 126. 

The lead wires (not shown) extend from a female 
connector 129 positioned at the distal end of the 
catheter 114 and then pass through openings in the 
main shaft 116 (similar to opening 129 through which 
infusion tube 128 passes) at the ablation section 
118. 

The coil electrodes 124 are preferably coiled 
around the infusion tube 128, the electrode leads 
(not shown) and the main shaft 116 as shown in Fig. 
13B. A perforated covering 132 encloses the foam 
support segments 126 in the manner described with 
respect to the first and second embodiments. 
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Baffle wire 120 is preferably formed of metallic 
stiffening wire, such as stainless steel, enclosed in 
thin walled shrink tube (not shown, but see Fig. 8C 
which shows a similar wire 66 and coating 78 
5 configuration) . Alternatively, the baffle wire 120 

may be formed of a flexible braid tube. Distal end 
134 (Fig. 13B) of baffle wire 120 is fixed within the 
distal end of the main shaft 116, near the platinum 
tip 122. Baffle wire 120 passes out of the main 

10 shaft 116 via opening 117b and re-enters the main 

shaft via opening 117a to form an arc 13 5 adjacent 
the ablation section 118. Proximal end 136 of baffle 
wire 12 0 extends freely from a connector port 138 
coupled to the proximal end of the main shaft 116 

15 (Fig. 13A) . 

Operation of the third embodiment of a linear 
lesion catheter 114 according to the present 
invention will next be described. To prepare the 
device for insertion into a patient's vessels, 

20 proximal end 13 6 of baffle wire 120 is pulled in a 

proximal direction to decrease the size of arc 13 5 
and to thereby draw the arc 135 closer to the main 
shaft (see Fig. 13A) . To facilitate insertion of the 
catheter 114 into a vessel, it may also be desirable 

25 to insert the catheter 114 into a conventional sheath 

catheter (not shown) so as to compress the ablation 
section 118 and the arc 135 close to the main shaft 
and to thereby prevent these structures from snagging 
on tissue within the vessels and the heart. Once the 

30 distal portion of the catheter 112 reaches the 

desired chamber of the heart, the sheath catheter is 
withdrawn to expose the ablation section 118 and the 
arc 135. 

Once the' ablation section 118 is within the 
35 heart chamber and positioned adjacent a region of the 

endocardium which is to be ablated, proximal end 13 6 
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of baffle wire 120 is advanced in a distal direction, 
as indicated by the arrow in Fig. 13B. Because 
distal end 134 of the baffle wire 120 is fixed within 
the main shaft, distal sliding of the baffle wire 120 
causes an additional length of the baffle wire 120 to 
pass out of the main shaft via the hole 117a and thus 
increases th*e size of the arc. As the size of the 
arc increases, the arc pushes against adjacent tissue 
Tl and thus leverages the ablation section 118 
against the portion T2 of the endocardium on which a 
lesion is to be formed. (See Fig. 13C) . Pressing the 
ablation section 118 against the endocardium in this 
manner helps the ablation section 118 to conform to 
the surface of the tissue T2 and thus helps to ensure 
that sufficient contact is made between the ablation 
section 118 and the endocardium. 

Next, delivery of saline and RF energy to the 
ablation section 118 is carried out as described with 
respect to the first and second embodiments to cause 
the lesion to be formed. 

A fourth embodiment of a catheter 14 0 according 
to the present invention is shown in Fig. 14. The 
fourth embodiment is similar to the third in that a 
baffle wire loop protrudes from the main shaft. It 
differs from the fourth embodiment in that in 
includes an ablation section on the baffle wire. 

As with the catheter 114 of the third embodiment 
(Fig. 13A) , catheter 140 includes a main shaft 116a, 
and an ablation section 118a. Main shaft includes a 
platinum tip 122a similar to the platinum tip 122 of 
Fig. 13B, and it further includes a pair of holes 
119a, 119b. At the proximal end of the main shaft 
116 is a connector having an infusion port 13 0a, a 
second port 138a, and a female connector 129a. 
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A baffle wire 12 0a extends through the main 
shaft 116a and includes a distal end 134a fixed to 
the distal end of the main shaft 116a. A free 
proximal end 136a extends from connector port 138a in 
the main shaft. A section of the baffle wire 120a 
extends through holes 119a, 119b in the main shaft 
116a to form an arc 135a. 

As with the above -described embodiments, 
ablation section 118a preferably includes a 
perforated covering 132a, foam support segments 126a, 
coil electrodes 124a, lead wires {not shown) and an 
infusion tube (not shown) . These elements are 
arranged on the arc 135a formed by baffle wire 120a 
in a manner which is preferably similar to the manner 
in which the covering 44, foam 42, electrodes 40, 
leads 39, baffle wire 20, and infusion tube 36 are 
arranged in the first embodiment. Reference is 
therefore made to Pigs. 4 and 5 and the description 
thereof . 

Operation of the fourth embodiment of a linear 
lesion catheter 140 according to the present 
invention will next be described. To prepare the 
device for insertion into a patient's vessels, free 
end 136a of baffle wire 120a is pulled in a proximal 
direction to draw the arc 135a closer to the main 
shaft (see Fig. 14A) . The catheter 140 may be 
inserted into a conventional sheath catheter (not 
shown) so as to compress the ablation section 118a 
and the arc 135a close to the main shaft 116a to 
prevent these structures from snagging on tissue 
within the vessels and the heart. The sheath 
catheter is withdrawn to expose the ablation section 
118 after the distal portion of the catheter 112a 
has been fed through the patient's vessels and 
positioned in the desired chamber of the heart . 
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Once the ablation section 118a is within the 
heart chamber, free end 136a of baffle wire 120a is 
advanced in a distal direction, causing a portion of 
the baffle wire 120a to pass out of the main shaft 
via the hole 119a thereby increasing the size of the 
arc 135a. As the size of the arc increases, the arc 
and the main shaft push against opposing tissue 
surfaces Tl, T2 and thus leverage the ablation 
section 118a against the portion T2 of the 
endocardium on which a lesion is to be formed. (See 
Fig. 14C) . Pressing the ablation section 118a 
against the endocardium in this manner helps the 
ablation section 118a to conform to the surface of 
the endocardium and thus helps to ensure that 
sufficient contact is made between the ablation 
section 118 and the endocardium to create a 
continuous transmural lesion. 

Once the ablation section is properly positioned 
and baffled against the appropriate section of the 
endocardium, saline and RF energy are delivered to 
the ablation section 118 as described with respect to 
the first and second embodiments. The procedure is 
repeated to create multiple lesions on the 
endocardium. 

It should be understood that the various 
features of the preferred embodiments need not be 
used in combination one other. For example, 
referring to Fig. 15A, a catheter 2 00 according to 
the present invention may be provided without a 
baffle wire as found in the previously described 
embodiments. Catheter 200 includes a main shaft 202 
(preferably having a diameter of 7 French) and an 
ablation section 204 formed over the main shaft 202. 

At the ablation section 204, a plurality of 
electrodes 206 are coiled around the main shaft 202, 
and (also at the ablation section 204) a plurality of 



WO 97/32525 



PCT/US96/17536 



30 

spaced holes 208 are formed in the main shaft. A 
foam support structure 210 (which may be segmented as 
in prior embodiments) is formed around the main shaft 
and electrodes 206, and the support structure 210 is 
enclosed by a perforated covering 212. A core wire 
214 extends through the central lumen of the main 
shaft 202. Wire 214 may alternatively be a pull wire 
of a type which may be used to steer the catheter 200 
through a patient's vessels and heart. 

As shown in Fig. 15B, foam segments 210a may 
each be provided with separate coverings 212a, each 
of which is provided with a plurality of holes 211 
along one side. It is desirable to provide four such 
20 mm wide segments 210a, each spaced from the other 
segments 210a by approximately 1 mm. Preferable, 
multiple lumen tubing having the configuration shown 
in Figs. 12B and 12C is utilized, with each of the 
fluid lumen (see lumen 82a in Figs. 12B and 12C) 
directing fluid from one of the fluid portions 88a - 
88d to one of the foam segments 210a. 

During use the catheter 200 is inserted via 
vessels into a chamber of the heart, and positioned 
against the endocardial surface. Saline S is 
introduced into the central lumen of main shaft 202 
(which in this embodiment serves as the infusion 
tube) and passes through the holes 208 into the foam 
structure 210. RF energy is delivered to the 
electrodes 206 via lead wires (not shown) as 
described with respect to previous embodiments. 

The outward pressure of the saline S within 
covering 212 causes the covering 212 to balloon out 
slightly and thereby improves contact between the 
ablation section 204 and the endocardium. Saline 
passes from the foam out of the ablation section via 
the perforations (not shown) in the covering 212 and 
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in doing so creates an improved path of conductivity 
between the electrodes 206 and the endocardium. 

As mentioned above, the foam support structure 
of the Fig. 15A embodiment and the previous 
embodiments may be replaced by other support 
structures which can press the covering of the 
ablation section against the endocardial wall during 
use. For example, small inflatable balloons 215 
(Fig. 16) may be positioned inside the covering 212 
and provided with inflation tubes 216 which provide 
flow paths for the introduction of an inflation 
medium (such as air or fluid) into the balloons 215 
during use. Alternatively, the foam and covering may 
be eliminated from the apparatus as shown in Fig. 17, 
in which case the conductive fluid or saline flows 
through openings 208 in the main shaft and is 
utilized primarily to cool the ablation electrodes 
206, although it may also create a conductive path 
between the electrodes and target tissue. The 
electrodes 206 may be formed into coils, braids, or 
other configurations. 

A preferred embodiment and several alternative 
embodiments of a linear lesion catheter have been 
described herein. It should be appreciated that 
these embodiments have been given by way as example 
and are not intended to limit the scope of the 
appended claims. 
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CLAIMS 

1. An apparatus for creating linear lesions in 
body tissue, the apparatus comprising: 

an elongate support member proportioned for 
insertion and manipulation through human vessels, the 
support member having an elongate ablation section; 

at least one electrode carried by the ablation 
section of the support member; 

a fluid permeable deformable member at least 
partially covering the electrodes; 

means for delivering current to the electrodes; 

and 

means for delivering conductive fluid through 
the deformable member to the ablation section to 
cause said fluid to create a conductive path between 
the electrodes and the tissue when the electrodes are 
positioned adjacent body tissue, 

2 . The apparatus of claim 1 wherein the 
deformable member includes a layer of foam material 
formed over the electrodes. 

3 . The apparatus of claim 1 wherein the 
deformable member is segmented. 

4. The apparatus of claim 1, further 
comprising a covering on the deformable member, the 
covering formed of a material substantially 
impermeable to fluid, the covering including at least 
one opening sized to allow passage of fluid out of 
the covering . 

5. The apparatus of claim 4 wherein the 
covering includes a plurality of spaced openings 
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positioned longitudinally along one side of the 
ablation section. 

6. The apparatus of claim 1 wherein the 
deformable layer is provided in segments and wherein 
.the apparatus further comprises a plurality of 
coverings, each covering one of the segments. 

7. An apparatus for creating lesions in body 
tissue, the apparatus comprising: 

an elongate wire having an ablation section; 

a plurality of spaced electrodes carried by the 
ablation section of the wire; 

a covering at least partially overlaying the 
electrodes, the covering formed of a material 
substantially impermeable to fluid, the covering 
including at least one opening sized to allow passage 
of fluid out of the covering; 

means for delivering current to the electrodes; 

and 

means for delivering conductive fluid to the 
ablation section to cause said fluid to create a 
conductive path between the electrodes and the tissue 
when the electrodes are positioned adjacent body 
tissue . 

8. The apparatus of claim 7 further comprising 
means for supporting the covering away from the 
electrodes . 

♦ 

9. The apparatus of claim 8 wherein the 
supporting means includes a deformable member 
positioned between the electrodes and the covering, 
the deformable member being fluid permeable. 
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10. The apparatus of claim 9 wherein the 
deformable member includes a layer of foam formed 
over the electrodes . 

11. The apparatus of claim 8 wherein the 
supporting means includes an inflatable balloon 
positioned beneath the covering and means for 
delivering an inflation medium to the inflatable 
balloon. 

12. A method for ablating body tissue, 
comprising the steps of: 

(a) providing an elongate member, electrodes 
carried by the member, a deformable layer of fluid 
permeable material formed over the electrodes, and 
means for delivering conductive fluid to the 
electrodes; 

(b) manipulating the member through a vessel and 
into the chamber of a heart, and positioning the 
layer adjacent to a wall within the heart which is to 
be ablated; 

(c) supplying current to the electrodes; 

(d) supplying conductive fluid to the 
electrodes; and 

(e) permitting the conductive fluid to form a 
conductive path between the electrodes and the tissue 
which is to be ablated. 

13. The method of claim 12 wherein step (a) 
further includes the step of providing a covering the 
deformable layer, the covering formed of a material 
substantially impermeable to fluid, the covering 
including at least one opening sized to allow passage 
of fluid out of the covering, and wherein step (b) 
further includes the step of positioning the 



WO 97/32525 



PCT/US96/17536 



35 

deformable layer, with the covering overlaying it, 
against the body tissue which is to ablated. 

14. An apparatus for ablating body tissue, 
comprising: 

an elongate tubular member having an opening; 

a baffle member having a distal portion slidably 
disposed within the tubular member, the baffle member 
slidable between a first position in which the distal 
portion extends from the opening and is folded over 
itself, and a second position in which the distal 
portion of the baffle member is contained within the 
elongate tubular member; and 

an ablation element carried by the baffle 
member . 

15. The apparatus of claim 14 wherein the 
baffle member includes a fixed distal end attached to 
the tubular member and a free proximal end slidable 
relative to the tubular member to move the baffle 
member between the first and second positions. 

16. The apparatus of claim 14 wherein the 
baffle member has a substantially flat cross-section. 

17. The apparatus of claim 15 wherein: 

the apparatus further comprises a second tube, 
wherein a portion of the baffle member is slidably 
received within the second tube; 

the ablation element is carried by the second 
tube ; and 

when the baffle member is in the first position, 

the second tube is slidable over the loop to 

reposition the ablation element with respect to the 
loop . 



18. The apparatus of claim 14 wherein the 
baffle member includes a pair of free ends, each 
slidable to move the baffle member between the first 
and second positions. 

19. A method of forming a linear lesion, 
comprising the steps of: 

(a) providing an elongate tubular member having 
a distal portion, an opening at the distal portion, a 
loop positioned within the distal portion and 
moveable through the opening to a position outside 
the distal portion, and an ablation element carried 
by the loop; 

(b) with the loop inside the tubular member, 
inserting the distal portion of the tubular member 
through an incision and into a patient, and 
positioning the opening adjacent to target tissue to 
be ablated ; 

(c) extending the loop from the distal portion; 
(d) positioning the ablation element against the 
target tissue; 

(e) positioning a portion of the loop which is 
spaced from the ablation element against a tissue 
surface opposing the target tissue to leverage the 
electrode against the target tissue; and 

(f) ablating the tissue using the ablation 
element . 

20. The method of claim 19 wherein step (e) 
includes the step of increasing or decreasing the 
size of the loop. 

21. The method of claim 19 wherein: 

step (a) includes providing a tubular member 
slidably disposed on the loop and providing the 
ablation element on the tubular member; and 
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step (d) includes the step of sliding the 
tubular member along the loop to adjust the position 
of the ablation element with respect to the loop. 

22. The method of claim 21 further including 
the step of, after step (f ) , sliding the tubular 
member along the loop to reposition the ablation 
element adjacent to second target tissue, and 
ablating the second target tissue using the ablation 
element . 

23. The method of claim 19 wherein: 

in step (a) the step of providing a loop 
includes providing a baffle member having a fixed end 
attached to the tubular member, an intermediate 
portion folded over itself to form the loop, and a 
free end movable to effect sliding of the baffle wire 
to move the loop into and out of the tubular member 
and to change the size of the loop; 

step (c) includes the step of advancing the free 
end distally to extend the loop from the tubular 
member; 

steps (d) and (e) include the step of moving the 
free end distally or proximally as needed to increase 
or decrease the size of the loop. 

24. The method of claim 23 wherein: 
step (a) further comprises the step of providing 
a tubular member slidably disposed on the baffle wire 
and providing the ablation element on the tubular 
member ; and 

step (d) includes the step of sliding the 
tubular member along the loop to adjust the position 
of the ablation element with respect to the loop. 
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25. The method of claim 25 further including 
the step of, after step (f ) , sliding the tubular 
member along the loop to reposition the ablation 
element adjacent to second target tissue, and 

5 ablating the second target tissue using the ablation 

element . 

26. The method of claim 20 wherein: 

in step (a) the step of providing a loop 
10 includes providing a baffle member having a pair of 

free ends and an intermediate portion between the 
ends and folded over itself to form the loop, the 
free ends movable to effect sliding of the baffle 
wire to move the loop into and out of the tubular 
15 member and to change the size of the loop; 

step (c) includes the step of advancing at least 
one of the free ends distal ly to extend the loop from 
the tubular member; and 

steps (d) and (e) include the step of moving at 
20 least one of the free ends distally or proximally as 

needed to increase or decrease the size of the loop. 

27. An assembly carried on the distal end of a 
catheter for generating a linear lesion in a target 

25 tissue comprising: 

a central, elongated support member; 
a plurality of longitudinally spaced apart 
electrodes, said electrodes being connectable to 
a source of RF energy; 
30 an elongated, deformable member surrounding 

said electrodes and a portion of said support 
member; and 

a source of electrolytic fluid coupled to 
said deformable member, said fluid functioning 
3 5 to partially pressurize said deformable member 

and wherein said fluid perfuses out of said 



deformable member towards the target tissue, 
said fluid enhancing the coupling of the RF 
energy from said electrodes to said tissue 
whereby linear lesions can be effectively 
created in said tissue, 

28. An assembly as recited in claim 27 wherein 
said deformable member is formed in longitudinal 
segments corresponding to, and aligned with, the 
electrodes on said support member. 

28. An assembly as recited in claim 27 wherein 
said support member is a wire. 

29. An assembly as recited in claim 27 wherein 
said deformable member is formed from foam surrounded 
by an outer membrane having apertures formed therein. 

30. An assembly as recited in claim 27 wherein 
said deformable member includes an inflatable 
balloon, an outer membrane enclosing the balloon and 
having apertures formed therein, and means for 
delivering an inflation medium to the inflatable 
balloon. 

31. An assembly as recited in claim 27 further 
including a means for biasing said deformable member 
into contact with the target tissue. 

32. An assembly as recited in claim 31 further 
comprising an elongate tubular member having an 
opening, wherein the central support member is 
slidably disposed within the elongate tubular member 
and wherein the central support member is slidable 
between a first position in which the distal portion 
extends from the opening and is folded over itself, 
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and a second position in which the distal portion of 
the baffle member is contained within the elongate 
tubular member, wherein the biasing means includes 
the central support member, and wherein the 
5 electrodes and the deformable member are carried by 

the central support member. 

33 . An assembly carried on the distal end of a 
catheter for generating a linear lesion in a target 
10 tissue comprising: 

a central, elongated support member; 
a plurality of longitudinally spaced apart 
electrodes carried by the support member, said 
electrodes being connectable to a source of RF 
15 energy; and 

means carried by the support member for 
directing electrolytic fluid onto said 
electrodes. 



20 
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deformable member towards the target tissue, 

said fluid enhancing the coupling of the RF 

energy from said electrodes to said tissue 

whereby linear lesions can be effectively 

created in said tissue. 

■ 

28. An assembly as recited in claim 27 wherein 
said deformable member is formed in longitudinal 
segments corresponding to, and aligned with, the 
electrodes on said support member. 

28. An assembly as recited in claim 27 wherein 
said support member is a wire. 



29. An assembly as recited in claim 27 wherein 
said deformable member is formed from foam surrounded 
by an outer membrane having apertures formed therein. 

30. An assembly as recited in claim 27 wherein 
said deformable member includes an inflatable 
balloon, an outer membrane enclosing the balloon and 
having apertures formed therein, and means for 
delivering an inflation medium to the inflatable 
balloon. 



31. An assembly as recited in claim 27 further 
including a means for biasing said deformable member 
into contact with the target tissue. 

32. An assembly as recited in claim 31 further 
comprising an elongate" tubular member having an 
opening, wherein the central support member is 
slidably disposed within the elongate tubular member 
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and wherein the central support member is slidable 
between a first position in which the distal portion 
extends from the opening and is folded over itself, 
and a second position in which the distal portion of 
5 the central support member is contained within the 

elongate tubular member, wherein the biasing means 
includes the central support member, and wherein the 
electrodes and the deformable member are carried by 
the central support member. 

10 

33 . An assembly carried on the distal end of a 
catheter for generating a linear lesion in a target 
tissue comprising: 

a central, elongated support member; 
15 a plurality of longitudinally spaced apart 

electrodes carried by the support member, said 
electrodes being connectable to a source of RF 
energy; and 

means carried by the support member for 
20 directing electrolytic fluid onto said 

electrodes. 



34. An apparatus for forming linear lesions in 
25 body tissue, comprising: 

a first tubular member; 

a loop member slidably disposed within the 
first tubular member, at least one of the first 
tubular member and loop member slidable to alter 
30 the position of the first tubular member 

relative to the loop member; 

a plurality of longitudinally spaced apart 
electrodes carried by the first tubular member, 
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said electrodes being connectable to a source of 
RF energy; 

a fluid lumen carried by the first tubular 
member for directing electrolytic fluid onto 
5 said electrodes; and 

an elongated deformable member surrounding 
the electrodes and a portion of the first 
tubular member. 

10 .35. The apparatus of claim 34, further 

comprising: 

a covering on the deformable member, the 
covering formed of a material substantially 
impermeable to fluid, the covering including at 
15 least one opening sized to allow passage of 

fluid out of the covering. 

36. The apparatus of claim 34 further 
comprising: 

20 a second tubular member, wherein at least a 

portion of the first tubular member and the loop 
member are slidably disposed within the second 
tubular member. 

25 37. The apparatus of claim 34 wherein the 

electrodes are located on the exterior of the first 
tubular member. 

38. The apparatus of claim 34 wherein the 
3 0 electrodes are positioned in the fluid lumen. 
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